Schizophrenia (SCZ) is a severe psychiatric disorder associated with many different risk factors, both genetic and environmental. A recent genome-wide association study (GWAS) of Han Chinese identified three single-nucleotide polymorphisms (SNPs rs11038167, rs11038172, and rs835784) in the tetraspanins gene TSPAN18 as possible susceptibility loci for schizophrenia. Hoping to validate these findings, we conducted a case-control study of Han Chinese with 1093 schizophrenia cases and 1022 healthy controls. Using the LDR-PCR method to genotype polymorphisms in TSPAN18, we found no significant differences (P.0.05) between patients and controls in either the allele or genotype frequency of the SNPs rs11038167 and rs11038172. We did find, however, that the frequency of the 'A' allele of SNP rs835784 is significantly higher in patients than in controls. We further observed a significant association (OR = 1.197, 95%CI = 1.047-1.369) between risk for SCZ and this 'A' allele. These results confirm the significant association, in Han Chinese populations, of increased SCZ risk and the variant of the TSPAN18 gene containing the 'A' allele of SNP rs835784. 
Introduction
Schizophrenia (SCZ) -a severe and heritable psychiatric disorder characterized by positive and negative symptoms, some of which are cognitive -affects ,1% of the general population worldwide. While the heritability of schizophrenia has been estimated to be ,64-80% [1, 2] , its precise etiology and genetic mechanisms remain unclear. One genome-wide association study (GWAS) associates susceptibility for SCZ with several common single-nucleotide polymorphisms (SNPs) and rare copy-number variants (CNVs). To date, however, these suspected susceptibility loci have been studied primarily in populations of European and American descent [3, 4, 5, 6, 7] .
Interestingly, a recent GWAS study of Han Chinese associated increased susceptibility for SCZ with three SNPs (rs11038167, rs11038172 and rs835784) within the tetraspanins gene TSPAN18 [8] . TSPAN18 at 11p11.2 encodes one member of a large family of membrane proteins found in all multicellular eukaryotes with four transmembrane (tetraspanin) domains. Expressed widely and in diverse cell types, the tetraspanins appear to affect cellular penetration, adhesion, motility, and signal conduction [9, 10, 11] . Although TSPAN189s role in the pathogenesis of SCZ remains unclear, the tetraspanin family's association with both bipolar disorder and SCZ [8, 12] suggests it may well be involved in increasing susceptibility for SCZ. In an attempt to confirm such a role, this study aims to investigate the association of SCZ with three SNPs in the TSPAN18 gene in an independent population of Han Chinese descent.
Materials and Methods

Study Population
Our study sample, which includes subjects of Han descent, includes 1093 patients (396 women and 697 men aged 47.9610.9 years at recruitment) and 1022 unrelated healthy controls (450 women and 572 men aged 44.8610.2 years at recruitment) ( Table 1) .
In the patient sample, the diagnosis of schizophrenia was confirmed by two or more experienced psychiatrists using the Structured Clinical Interview for DSM-IV (SCID-I) and criteria set forth in the Diagnostic and Statistical Manual of Mental Disorders, Fourth edition (DSM-IV). Exclusion criteria included the presence of other mood or neurodevelopmental disorders, epilepsy, or mental retardation. For the selection of controls, professional psychiatrists, using the Structured Clinical Interview for DSM-IV, Non-patients edition (SCID-NP), interviewed members of an unrelated general population. Subjects with mental illness within the SCID-I Axis I were excluded. This study was approved by the Ethics Committees of the Wuxi Health Mental Center. Either patients or their guardians signed informed consents. Where ability to consent appeared compromised, we used the following criteria to evaluate whether the participants had the capacity to consent: 1) patient's ability to understand; 2) patient's ability to reason; and 3) patient's ability to make rational decisions. If participants failed to fill out the consent form more than twice, their guardians were asked to fill out the consent form on the patients' behalf.
Healthy subjects were recruited through advertisement. We recruited controls from the cities of WuXi and NanJing in Jiangsu Province. Based on self-report regarding their own and their paternal grandparents' place of birth, we excluded anyone not born in Jiangsu or whose family was not born in Jiangsu. Before being enrolled in the study, each healthy subject was required to sign a consent form.
DNA extraction
Blood samples were collected from all participants using K 2 EDTA tubes. A Blood Genotyping DNA Extraction Kit (Tiangen Biotech, Beijing, China) was used to extract genomic DNA from 150 ml of peripheral blood. DNA samples were then stored at 280uC for genotype analysis.
SNP genotyping
The genotype of each SNP was analyzed by the Shanghai Biowing Applied Biotechnology Co., Ltd (www.biowing.com.cn) using the Ligase Detection Reaction-Polymerase Chain Reaction (LDR-PCR) method [13, 14] . Genomic DNA extracted from clinical samples was first subjected to multiplex RCR to obtain a PCR product, including SNPs. This PCR product and LDR probes were then subjected to multiplex LDR reaction with a DNA sequencer to detect the products. To test the validity of this procedure, approximately 10% of the samples was randomly selected and retested using the same process. Results from the retested 10% were consistent with those obtained from the larger sample.
Statistical analysis
Our statistical analyses, performed using PLINK software (http://pngu.mgh.harvard.edu/purcell/plink), included association studies, Hardy-Weinberg equilibrium (HWE) tests, and the calculation of genotype and allele frequencies in schizophrenia patients and healthy controls. We also used a logistic regression model adjusted for age and sex to evaluate how these factors influence the distribution of TSPAN18 polymorphisms. Frequency comparisons among different ethnic groups were conducted based The Association of TSPAN18 and Shizophrenia PLOS ONE | www.plosone.orgon variation data from dbSNP build 135, which includes data from the HapMap and 1000-Genome projects.
Results
This study analyzes data from 1093 patients diagnosed with schizophrenia and 1022 unrelated healthy controls. Our HWE tests indicate that the allelic frequency distribution of TSPAN18 polymorphisms does not deviate significantly from the HardyWeinberg equilibrium (P = 0.1688 for rs11038167, 0.3681 for rs11038172, and 0.2972 for rs835784). The total genotyping rate in all individuals was 99.57%.
Results from our association study indicate a significant association (trend test: P = 0.004967; x 2 test under dominant model: P = 0.008812) between SCZ and the minor allele ('A') of the TSPAN18 gene SNP rs835784. Stratified analysis by sex and age supports this association, with the x 2 test showing P = 0.01374 in males and P = 0.00339 in subjects of middle age (30-59 years). In this Chinese Han population, therefore, the minor allele 'A' of rs835784 appears to be a risk factor for SCZ (see Tables 2 and 3) .
Using logistic regression models to estimate the effect size of the risk allele, we calculated that, before adjustment for age and sex, the OR for increased risk for SCZ with the rs835784 'A' allele is 1.197 (95%CI = 1.047-1.369), P = 0.008426. Once adjusted for age and sex, the risk is nearly the same, OR = 1.194 (95%CI = 1.033-1.381, P = 0.0165), confirming that the 'A' allele of rs835784 is consistently associated with an increase in risk for SCZ (Table 4) .
By contrast, neither genotypic nor allelic modeling revealed significant association between increased schizophrenia risk and the other two TSPAN18 SNPs, rs11038167 or rs11038172 ( Table 2) . Although stratified analysis does suggest that the 'A' alleles of both rs11038167 (P = 0.02013 in the x 2 test) and rs11038172 (P = 0.02125) may be associated with increased SCZ risk in youth (#29-year-old) (Table 3) , our sample (N = 190) was too small for these results to be reliable, and results adjusted for age and sex fail to support them (Table 4 ). In addition, we found an inter-marker LD relationship between these two SNPs and rs835784, whose A-allele appears to be associated with SCZ, with r-square = 0.45 for rs8357849s relationship with rs11038167 and rsquare = 0.38 for its relationship with rs11038172.
Discussion and Conclusions
The tetraspanins are a highly conserved superfamily of cellsurface membrane proteins known to be influential in diverse diseases and physiologic processes. High expression of TSPAN1, TSPAN8, or TSPAN2, for example, which are all in the same protein family as TSPAN18, correlates positively with tumor progression [15, 16, 17] , while mutation in TSPAN7 is associated with X-linked mental retardation [18, 19] .
Although earlier reports implicate TSPAN18 in susceptibility for SCZ [8] , Ma et al. [20] failed to confirm that association. In this case-control study of Han Chinese, we, too, find no statistically significant association between SCZ and the two TSPAN18 SNPs rs11038167 and rs11038172. Our analyses do reveal a statistically significant difference between patients with schizophrenia and healthy controls: the frequency of the ''A'' allele of rs835784 occurs at 31% in our SCZ samples and at 27% in controls. This finding confirms Yue et al.'s [8] report that carriers of the A-allele While a more definitive assessment of potential population stratification among Han Chinese subpopulations is not feasible in this study, we were able to compare SNP frequency distribution in different ethnic groups using dbSNP data from HapMap and the 1000-genomes studies. Our allele frequency analysis of these data for the three TSPAN18 SNPs revealed substantial differences among Asian, European, and African populations (Figure 1 ). To identify precisely how ethnicity and geographic origin affect the distribution of genetic factors associated with schizophrenia, larger replication studies are needed.
To summarize, this case-control study of a Han Chinese population validated a SNP locus in TSPAN18 reported by an earlier GWAS study and provided important evidence for the association of a particular variant of the TSPAN18 gene with increased SCZ susceptibility. Further studies to validate these findings on the molecular level are clearly warranted. Data from this study are available upon request. 
